Purpose Individuals with schizophrenia have been reported to have low employment rates. We examined the associations of schizophrenia with employment, income, and status of cohabitation from a work life course perspective. Methods Nationwide cohort study including all individuals (n = 2,390,127) born in Denmark between 1955 and 1991, who were alive at their 25th birthday. Diagnosis of schizophrenia (yes/no) between ages 15 and 25 was used as an exposure. Employment status, annual wage or self-employment earnings, level of education, and cohabitant status from the age of 25-61 (years 1980-2016) were used as outcomes. Results Schizophrenia diagnosis between ages 15 and 25 (n = 9448) was associated with higher odds of not being employed (at the age of 30: OR 39.4, 95% CI 36.5-42.6), having no secondary or higher education (7.4, 7.0-7.8), and living alone (7.6, 7.2-8.1). These odds ratios were two-to-three times lower and decreasing over time for those individuals who did not receive treatment in a psychiatric inpatient or outpatient clinic for schizophrenia after the age of 25. Between ages 25-61, individuals with schizophrenia have cumulative earning of $224,000, which is 14% of the amount that the individuals who have not been diagnosed with schizophrenia earn. Conclusions Individuals with schizophrenia are at high risk of being outside the labour market and living alone throughout their entire life, resulting in an enormous societal loss in earnings. Individuals with less chronic course of schizophrenia had a gradual but substantial improvement throughout their work life.
Introduction
Schizophrenia is a poorly understood group of disorders, with reduced life expectancy from 10 to 20 years [1] , affecting globally over 21 million individuals [2] . Schizophrenia is known to impact in all aspects of life; the first onset of schizophrenia is typically in early adulthood [3] , and after that schizophrenia is often associated with recurrent hospitalizations, poor social functioning, low education, and high-unemployment rates. The societal burden of schizophrenia is substantial [4] [5] [6] ; it has been estimated that the total cost of schizophrenia in the USA at 2013 was around $150 billion [7] , and in England, it was around £20 billion in 2010/2011 [8] . From these costs, indirect costs attributed to unemployment have been shown to be largest components of the total economic burden of schizophrenia [5] , indicating that schizophrenia can lead to occupational and social exclusion [9] .
However, it remains unclear what are the prospects of individuals with schizophrenia in terms of occupational (i.e., employment, income, and education) and social inclusion (i.e., cohabitation) over the work life course. Considerable variation in the employment rate of individuals with schizophrenia, estimating ranging from 10 to 30% [10] [11] [12] [13] , has been documented, and schizophrenia has also been associated with lower income among those who are able to work [14] , and also to lower likelihood of obtaining secondary or higher education [15] . Moreover, schizophrenia has been associated with lower rates of marriage and higher rates of separation and divorce [16, 17] , indicating that many individuals with schizophrenia are likely to end up living alone. This-in combination with unemployment and low education-is likely to lead to overall occupational and social exclusion, but there is lack of empirical data that would cover the whole work life course on the topic. In addition, to our knowledge, previous studies have not examined whether these associations are different for those individuals who have less chronic course of the disease, i.e., they are not recurrently hospitalized. Although only around 14% of individuals with schizophrenia will achieve both clinical and functional recovery [18] , supported employment has been shown to be effective at placing individuals with schizophrenia in competitive employment across the world [19, 20] .
To examine both occupational and social exclusion over the work life course, our main was to examine how schizophrenia with an onset before the age of 25 affects later employment status, income, educational attainment, and cohabitant status using Danish population longitudinal cohort register data, which enables us to link national registers and to undertake a comprehensive and nationwide analysis. We decided to focus on those individuals who had the first onset of schizophrenia in early adulthood as it is the time period when most young adults complete their educational degrees and start their careers. Our secondary aim was to examine whether these associations differed among those participants who potentially had less chronic course of schizophrenia, i.e., they were diagnosed with schizophrenia before the age of 25, but did not receive treatment in a psychiatric inpatient or outpatient clinic for schizophrenia after the age of 25. Finally, we examined whether family socioeconomic and psychiatric history, which are established risk factors of schizophrenia [21, 22] , influenced these associations. We reported both odds ratios and absolute proportions; whereas odds ratios are important for exploring risks, absolute proportions are more informative for service planning and general public.
Materials and methods

Study population
Since 1968, all residents in Denmark have a unique personal identification number allowing data to be linked at an individual level across administrative population registers. We used the Danish Civil Registration System which includes demographic details and links to parents as well as continuous updates on place of residence and vital status [23] . Our study population included all individuals born in Denmark between January 1, 1955 and December 31, 1991, who were alive at their 25th birthday. The study was approved by the Danish Data Protection Agency and did not require ethical approval according to Danish laws.
Schizophrenia assessment
Study population and their parents were linked to the Danish Psychiatric Central Research Register [24] , which covers all psychiatric inpatient admissions starting from 1969 and from 1995 all outpatient and emergency unit visits. Individuals were defined as having schizophrenia (ICD-10 code F20; ICD-8 codes 295.x9 [excluding 295.79 (schizoaffective disorder)]) if they had been admitted to a psychiatric hospital, had received outpatient psychiatric care, or had visited psychiatric emergency unit. Studies have shown that diagnosis of schizophrenia has high validity in the Danish Psychiatric Central Register [25] . Date of onset was defined as the first day that an individual was given a diagnosis of schizophrenia. For the study population, first date of schizophrenia diagnosis between age 15 and 25 and the first date of schizophrenia diagnosis after age 25 were defined.
Labour market and social exclusion outcomes
Employment status was derived from the Employment Classification Module (AKM) [26] , where based on the main source of income or employment, annual status of most important employment is classified. Individuals who were unemployed, retired (including early retirement and disability pension), and otherwise not working were categorized as outside the labour market. Annual wage or selfemployment earnings were acquired from the Integrated Database for Labour Market Research (IDA) [26] and measured from all individuals who had permanent residence in Denmark at the 31th of December. Earnings were deflated using the consumer price index (base year 2015). Highest completed education was acquired from the Danish education registries [27] , which is updated annually. Individuals with only primary school education were categorized as having no secondary education. In addition to these labour market outcomes, current cohabitant status (1 = living alone; 0 = not living alone) was used as an outcome for social exclusion.
Covariates
Information of parental employment, income, and highest completed education was obtained when the participants were 25 years old. The same definitions (as described above) were used and for both father and mother. In addition, and in line with previous research, low income was defined as less than annual earnings of 30,000 DKK ($4500) [28] , which were deflated using the consumer price index, base year 2015. For both parents, parental socioeconomic score was calculated where one point was given to unemployment, low income, and no secondary education. This resulted in a score ranging from 0 to 3. History of parental mental disorders was obtained from the Danish Psychiatric Central Register [24] , and parental mental disorders were categorized into two groups (0 = no mental disorders; 1 = any mental disorder) according to the criteria presented in earlier study [3] .
Statistical analyses
The association between incidence of schizophrenia with (1) not being employed, (2) having no secondary or higher education after primary school, and (3) not cohabiting or being married were examined using a series of logistic regression analyses where diagnosis of schizophrenia between age 15 and 25 (yes/no) was the exposure, and status of employment, education, and cohabitation between age 25 and 61 were used as outcomes. In these analyses, individuals who were not diagnosed with schizophrenia between the age 15 and 25 were used as comparison group. These same associations were additionally examined in a subgroup of individuals with schizophrenia who were not rehospitalized for schizophrenia after the age of 25-i.e., they did not receive treatment in a psychiatric inpatient or outpatient clinic for schizophrenia after the age of 25. In these analyses, all those individuals who were not diagnosed with schizophrenia before the age when the outcome was measured were used as comparison group, and thus, individuals who were diagnosed with schizophrenia for the first time, before the age when the outcome was measured, were excluded. All analyses were adjusted for sex and the year of birth. Results of these analyses were reported at every year after the age of 25 in Figs. 1, 3 and 4. Annual mean levels of income are reported in Fig. 2 . Additional analyses were conducted where associations were adjusted for parental history of 
Results
Sample
In total, 2,390,127 individuals (48.8% women) were included. Between ages 15 and 25, 9448 individuals were diagnosed with schizophrenia and 20,633 participants were diagnosed with schizophrenia after the age of 25. Out of the 9448 individuals who were diagnosed with schizophrenia before the age of 25, a total of 6328 (69%) were rehospitalized with schizophrenia after the 25th birthday. Descriptive statistics, number of participants, and labour market outcomes, for the three different groups (schizophrenia, schizophrenia not rehospitalized after the age of 25, and population) are reported in Online Appendix Tables 1 and  2 , respectively. At the age 30, from the individuals who were not employed, 8.9% did not also have any secondary or higher education and 9.5% were not cohabiting. Contrary to this, from the individuals who were diagnosed with schizophrenia before the age of 25 and who were not employed at the age of 30, 64.4% did not also have any secondary or higher education and 74.4% were not cohabiting. Figure 1 shows (a) the associations between schizophrenia with not being employed, (b) the associations between schizophrenia with not being employed and for individuals who Figure 2 shows the mean income levels for individuals with schizophrenia, subgroup of individuals with schizophrenia who have not been rehospitalized after the age of 25, and individuals who were not diagnosed with schizophrenia before the age of 25. Between ages 25 and 61, individuals with schizophrenia have cumulative earnings around $224,000 (1,504,000 DKK), which is 13.6% of the amount that the individuals who have not been diagnosed with schizophrenia earn ($1,643,000 corresponding to 11.05 million DKK). For those individuals who have not been rehospitalized for schizophrenia after the age of 25, the corresponding sum was around three times more ($648,000 corresponding to 4.35 million DKK), which is 39.4% of the amount that the individuals who have not been diagnosed with schizophrenia earn. Figure 3 shows the associations: (a) the overall associations between schizophrenia with not cohabiting, (b) the associations between schizophrenia with not cohabiting among those individuals who were not hospitalized for schizophrenia after the age of 25, and (c) the absolute proportions of individuals for three groups (schizophrenia, subgroup of schizophrenia without rehospitalization after the age of 25, and population who were not diagnosed with schizophrenia before the age of 25). Schizophrenia was associated with higher odds of not cohabiting-and these odds increased over three times between the ages of 25-40: at the age of 25, odds were 3.8 (95% CI 3.6-4.0), and at the age of 40, they were 13.7 (95% CI 12.5-15.0). Although these associations were present also for those individuals with schizophrenia who were not rehospitalized after the age of 25 [at the age of 25, OR 3.5 (95% CI 3.3-3.6); at the age of 40, OR 5.2 (95% CI 4.5-6.0)], the increase was more modest. In absolute proportions, whereas 46% of the population was not cohabiting at the age of 25, 78% of the individuals with were not cohabiting. At the age of 40, 26% of the population was not cohabiting, whereas 83% of the individuals with Fig. 3 On the left, the association between schizophrenia with not cohabiting. On the middle, the associations between schizophrenia with not cohabiting for a subgroup of individuals who were not rehospitalized for schizophrenia after the age of 25. On the right, percentages of individuals not cohabiting in three groups (schizophrenia, schizophrenia-not rehospitalized subgroup, population) On the left, the associations between schizophrenia with having no secondary or higher education. On the middle, the associations between schizophrenia with having no secondary or higher education for a subgroup of individuals who were not hospitalized for schizophrenia after the age of 25. On the right, percentages of individuals having no secondary or higher education in three groups (schizophrenia, schizophrenia-not rehospitalized subgroup, population) No secondary or higher education schizophrenia and 64% of the individuals with schizophrenia who were not rehospitalized were not cohabiting. Figure 4 shows the associations (a) between schizophrenia with not having any secondary or higher education and (b) between schizophrenia with not having any secondary or higher education among those individuals who were not hospitalized for schizophrenia after the age of 25 
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Sensitivity analyses
The schizophrenia-labour market associations adjusted for parental socioeconomic measures and parental history of mental disorders are shown in Table 1 . In general, adjustment for parental socioeconomic measures (model 2 and model 3) had very little, if any, effect on the associations between schizophrenia with labour market outcomes. Additional adjustment for parental history of mental disorders diluted the associations also very little-for example, odds ratio for being unemployed was 6% lower when parental socioeconomic measures and history of mental disorders were taken into account. Similar patterns were found when associations between schizophrenia, which had not been rehospitalized with schizophrenia diagnosed, with labour market outcomes were examined (please see, Online Appendix Table 3 ).
Discussion
Summary of the main results
Using Danish longitudinal population data, we examined what are the prospects of individuals diagnosed with schizophrenia in terms of employment, income, educational attainment, and cohabitation status over the whole work life course. Our main findings suggest that schizophrenia diagnosis between age 15 and 25 is associated with over 20 times higher risk of not being employed, over six times higher risk of having no secondary or higher education, and over ten times higher risk of living alone. These associations were, however, two-to-three times lower for a subgroup of individuals who had potentially a less chronic course of schizophrenia, i.e., they did not receive treatment in a psychiatric inpatient or outpatient clinic for schizophrenia after the age of 25. Whereas the work life course salary earnings of individuals with schizophrenia were around $224,000, similar figure for a subgroup of individuals who had not been rehospitalized for schizophrenia was around $648,000, which are around 14% and 39%, respectively, of the amount the individuals who have not been diagnosed with schizophrenia before the age of 25 earn. Taken together, these findings suggest that although schizophrenia is associated with high risk of occupational exclusion and living alone over the work life course, individuals with potentially less chronic course of schizophrenia are able to participate in the working life at least to some degree. Best of our knowledge, this is the first population-based study that has investigated the associations of schizophrenia with employment, income, and status of cohabitation from a work life course perspective.
Comparison with the previous studies
Employment is often stated as a recovery goal in schizophrenia. Previous studies have shown that the unemployment rate for individuals with schizophrenia is very high, from 80 to 90% [4, 10, 11] , and that individuals with schizophrenia have a high-unemployment rate and low earnings before the onset of disease [29, 30] , suggesting that ability to work is impaired already during the prodromal phase.
Here, the unemployment was on average around 88%. For those individuals who did not receive treatment in a psychiatric inpatient or outpatient clinic for schizophrenia after the age of 25, and thus presumably had a less chronic course, the unemployment rate steadily decreased from around 75% to around 55%. These novels findings indicate that a less chronic course of schizophrenia is associated with improving rate of employment over the work life course. Best of our knowledge, previous studies have not examined whether there is a subgroup of individuals with schizophrenia who do better than others in terms of employment and educationrelated outcomes.
Plausible mechanisms
There are some plausible explanations for the current findings. It is well known that cognitive deficits, which are present before the onset of psychotic symptoms [31] , are a core feature of schizophrenia [32, 33] , and a likely explanation why schizophrenia is from the early on associated with unemployed. More importantly, deficits in social functioning could also explain why schizophrenia is associated with unemployment. However, it is also well documented that individuals with schizophrenia can be exposed to discrimination in many areas of life [34] , which is likely to lead to a loss of job and difficulties in findings new employment. Low parental socioeconomic position and history of parental mental disorders are both established risk factors for developing schizophrenia [21, 22] . When adjusted for these factors, the associations between schizophrenia and labour market outcomes were only slightly attenuated. This indicates that although these factors contribute to the development of schizophrenia, they made little-if any-difference whether individuals with schizophrenia were able to work or to get an education in the present study. Finally, although a longer duration of untreated psychosis is associated with more severe positive and negative symptoms, it has not been associated with employment outcomes [35] . Whether a shorter duration of untreated psychosis would be associated with positive education-related outcomes remains unknown.
Strengths and limitations
Main strengths of the current study are Danish national registers that provided rich information for the entire population. Individual-level labour market [26] and education registries [27] have high coverage and reliability. Danish psychiatric hospitals and outpatient facilities are public, and all admissions and discharges are recorded in the registers. All treatment is also free of charge. Thus, the current study does not suffer from selective non-response, which likely biases survey studies conducted on the topic. When interpreting current findings, the number of limitations needs to be taken into account. First, selective attrition due to higher mortality in individuals with schizophrenia could partly explain some of the current findings; we did not have data on the severity of schizophrenia, and as schizophrenia is a very heterogeneous mental disorder with high comorbidity with other mental disorders, it is likely that those individuals with worse symptoms are more likely to die. This naturally creates a survival effect where more healthy individuals are likely to survive longer. This survival effect could especially partly explain why individuals with schizophrenia seem to get better over time. Second, although the ICD-10 schizophrenia diagnosis in the Danish Psychiatric Central Register has high diagnostic validity, it has been showed that a small percentage of cases in the Danish Psychiatric Central Register have been mistakenly registered as having schizophrenia when another psychiatric diagnosis was given [25] . In the ICD-8, schizophrenia diagnosis has been used to more severe cases with a longer duration [36] . In addition, it is also likely that there are some individuals with schizophrenia who have not been diagnosed or has been misdiagnosed. These issues could introduce bias one way or to another to our findings. Third, a large fraction of individuals with schizophrenia are first diagnosed after their 25th birthday, and it is not known whether their labour market prospects are less dire than those diagnosed before their 25th birthday. Thus, current study results should be treated as an estimate how schizophrenia with an onset before the age of 25 is related to labour market outcomes over the long run. Fourth, in Denmark, there has been numerous societal changes related to labour market and education from 1980 to 2015, which could affect current results and, therefore, possible cohort effects could in part explain current study findings. All individuals included in the study were born in Denmark, and thus, present findings might not be generalizable to individuals who were born elsewhere. Fifth, although current cohabitation status is often used as a measure of structural social support and social exclusion [37, 38] , it is a very crude measure that does not capture quality and complexity of social relationships. Finally, 98% of the population in Denmark is assigned to a specific general practitioner (GP) who provides taxfunded public healthcare services. GP provides medical care and also acts as a gatekeeper to secondary health being the first contact in most chronic diseases, including schizophrenia. As our follow-up time for younger cohorts is relatively short and our data include outpatient and emergency unit visits starting from 1995, it is possible that our estimate of rehospitalization rate does not reflect the actual rehospitalization rate for individuals with schizophrenia. These issues could also introduce bias to our findings.
Conclusions
To conclude, individuals with schizophrenia are at high risk of being outside the labour market and living alone throughout their entire life, resulting in an enormous societal loss in earnings. Although these associations are relatively unaffected by parental socioeconomic status and psychiatric history, individuals with schizophrenia who had potentially a less chronic course experienced a gradual but substantial improvement throughout their work life. 
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